In this paper, we extend the generalized Caristi's fixed point theorem proved by Bollenbacher and Hicks to p-orbitally complete fuzzy metric spaces by considering the fuzzy metric spaces in the sense of George and Veeramani. We also give some illustrative examples that support our results.
Introduction
In 1976, Caristi [8] proved the following fixed point theorem on a complete metric space, which is one of the most important generalization of famous Banach contraction principle and is equivalent the Ekeland's variational principle [13] .
Let T is a self-mapping of a complete metric space (X, d) such that there is a lower semi continuous function ϕ from X into [0, ∞) satisfying
d(x, T x) ≤ ϕ(x) − ϕ(T x)
for all x ∈ X, then T has a fixed point.
In this theorem, saying that ϕ is lower semi continuous at x if for any sequence {x n } ⊂ X, we have lim x n = x implies ϕ(x) ≤ lim inf ϕ(x n ).
Several authors have obtained various extensions and generalizations of Caristi's theorem by considering Caristi type mappings on many different spaces. For example, [1-7, 9, 23-25, 27, 28, 30, 31, 33, 38, 40] , and others.
In this paper, we extend the results in [7] to fuzzy metric spaces. Several notions of fuzzy metric spaces have been introduced and discussed in different directions by many mathematicians, see [10, 14, 29, 34, 39] . In particular, Kramosil and Michalek [34] introduced and studied the notion of fuzzy metric space which is closely related to a class of probabilistic metric spaces. In [15, 17] George and Veeramani modified the concept of fuzzy metric space of Kramosil and Michalek, and obtained a Hausdorff and first countable topology on the modified fuzzy metric space. In [16, 20] , it was proved that the topology induced by a fuzzy metric space in George and Veeramani's sense is metrizable. Grabiec [18] obtained a fuzzy version of the Banach contraction principle in fuzzy metric spaces in Kramosil and Michalek's sense, and since then many author [11, 12, 22, 26, 32, 35, 41, 42] have proved fixed point theorems in fuzzy metric spaces in the sense of Kramosil and Michalek and George and Veeramani, using one of the two different types of completeness in Grabiec's sense [18] or George and Veeramani's sense [15] .
In [36] Miheţ defined a concept weaker than convergence called p-convergence and proved a fixed point theorem for fuzzy contractive mappings. Then, in [19] Gregori et al. introduced the concept of p-Cauchy sequence and showed that p-Cauchy sequence and Cauchy sequence are two different concepts even in principal fuzzy metric spaces and they also defined the concept p-completeness.
In this paper, we consider (X, M, * ) fuzzy metric space in George and Veeramani's sense and prove some fixed point theorems for Caristi type mappings orbitally p-complete fuzzy metric spaces.
Preliminaries
In this section, we give some known basic notion of fuzzy metric space in the sense of George and Veeramani. Throughout this paper, we denote by N the set of positive integers. (i) * is associative and commutative, (ii) * is continuous,
Definition 2.2 ([15]
). The 3-tuple (X, M, * ) is said to be a fuzzy metric space if X is an arbitrary set, * is a continuous t-norm and M is a fuzzy set on X × X × (0, +∞) satisfying the following conditions, for all x, y, z ∈ X and t, s > 0:
is a fuzzy metric space, we will say that (M, * ) is a fuzzy metric on X. If we replace (iv) by 
.
is a fuzzy metric space called standard fuzzy metric space and (M d , ·) is called the standard fuzzy metric of d (see [15] ).
George and Veeramani proved in [15] that ever fuzzy metric (M, * ) on X generates a topology τ M on X which has as a base the family of sets of the form
where
for all r ∈ (0, 1) and t > 0. They proved also that (X, τ M ) is a Hausdorff first countable topological space.
Definition 2.4 ([21])
. A fuzzy metric M on X is said to be stationary if M does not depend on t, i.e. if for each x, y ∈ X, the function M x,y (t) = M (x, y, t) is constant. In this case we write M (x, y) instead of M (x, y, t).
Theorem 2.5 ([15]).
A sequence {x n } in a fuzzy metric space (X, M, * ) converges to x if and only if M (x n , x, t) → 1 as n → +∞.
The following definition was given by Miheţ.
Definition 2.6 ([36]). A sequence {x
If {x n } is p-convergent to x 0 , then (1) {x n } in X has at most one limit.
(2) Every subsequence of {x n } is also convergent and has the same limit as the whole sequence, see [36] .
Note that {x n } is convergent to x 0 if and only if {x n } is p-convergent to x 0 for all t > 0, see [19] .
In [36] the author gave an example that there exist p-convergent but not convergent sequences.
Definition 2.7 ([18]). A sequence {x
n } in a fuzzy metric space (X, M, * ) is G-Cauchy sequence iff lim n→∞ M (x n+p , x n , t) = 1 for all t > 0 and p ∈ N. A fuzzy metric space (X, M, * ) is G-complete if every G-Cauchy sequence is convergent in X.
Definition 2.8 ([15]).
A sequence {x n } in a fuzzy metric space (X, M, * ) is Cauchy sequence iff for each ε ∈ (0, 1) and each t > 0, there exists n 0 ∈ N such that M (x n , x m , t) > 1−ε for all n, m ≥ n 0 . A fuzzy metric space (X, M, * ) is complete if every Cauchy sequence is convergent in X.
In [19] Gregori et al. gave the following definition of Cauchyness and completeness in a natural way from the p-convergence concept.
Definition 2.9 ([19])
. A sequence {x n } in a fuzzy metric space (X, M, * ) is called pCauchy if there exists t 0 > 0 such that for each ε ∈ (0, 1) there exists n 0 ∈ N such that M (x n , x m , t 0 ) > 1 − ε for all n, m ≥ n 0 , or equivalently lim n,m→∞ M (x n , x m , t 0 ) = 1 for some t 0 > 0. A fuzzy metric space (X, M, * ) is p-complete if every p-Cauchy sequence in X is p-convergent to some point of X.
Note that {x n } is a Cauchy sequence if and only if {x n } is p-Cauchy for all t > 0 and, obviously, p-convergent sequences are p-Cauchy.
p-completeness and completeness are equivalent concepts in stationary fuzzy metrics, see [19] . 
for every x, y, z ∈ X and every t > 0.
Note that every standard fuzzy metric (M d , ·) is triangular. 
for some t 0 > 0. That is, G(., t 0 ) is p-w.l.s.c on X in Ćirić's sense, see [9] .
Main results
In this section, we state and prove our main results in orbitally p-complete fuzzy metric spaces. Now, we give the first main result as follows. 
Proof. (i) Using inequality (3.1) we have
for n = 0, 1, 2, . . .. Therefore, {S n } is bounded from above and also non-decreasing and so convergent. Let m > n. Since M is triangular, we have
Since {S n } is convergent, for every 1 > ε > 0, we can choose a sufficiently large N ∈ N such that
for all n ≥ N . Thus, we get from inequality (3.2) that
(ii) Let m > n. Using inequalities (3.1) and (3.2) we have
Letting m tend to infinity, we have from (i) and Theorem 2.12 1
Now let x n = T n x and G is (x, T )-orbitally p-w.l.s.c. at x . Then from (i) we have
(iv) We first of all prove by induction that
for all n = 1, 2, 3, . . . . Inequality (3.3) is trivial when n = 1 and so we will assume that inequality (3.3) holds for n − 1. Since M is triangular, it follows from inequality (3.1) we have 1
It therefore follows by induction that inequality (3.3) holds. Using inequalities (3.1) and (3.3) we have
Letting n tend to infinity we have 
Thus, we get
so (i), (iii) and (iv) are immediate from Theorem 3.1. Using inequality (3.4) we have
and then from Theorem 3.1 (ii) we get
and this gives (ii).
In the following theorem, we will show that if (M, * ) is non-Archimedean fuzzy metric, where the continuous t-norm is defined as a * b = min{a, b} for all a, b ∈ [0, 1], then (i) and (iii) of Theorem 3.1 can be obtained without the triangular property of M . 
Proof. (i) Using the same procedure as in the proof of Theorem 3.1, we obtain that
is convergent. Therefore we have Using the same procedure as in the proof of Theorem 3.1 (iii), we obtain (ii).
Similarly, using the same procedure as in the proof of Corollary 3.2 (i) and (iii), we obtain the following result. 
